All UV-Vis spectra were measured either on a JASCO V-630 or a Cary 400 spectrophotometer, both equipped with a temperature control accessory. All fluorescence measurements were recorded on a Cary Eclipse fluorimeter equipped with a temperature control accessory. Nuclear magnetic resonance (NMR) spectroscopy was carried out either on a Varian 400 ( 1 H, 400 MHz), to characterize small molecules, or on a Bruker Advance 500 ( 1 H, 500 MHz), to characterize the nanoreactors. Chemical shift (δ) are quoted in ppm with the internal reference tetramethylsilane. Isothermal calorimetry (ITC) measurements were carried out at 25°C with a MicroCal Auto-ITC. Enantiomeric excess was determined by highperformance liquid chromatography (HPLC) analysis performed on a Shimadzu 10AD-VP instrument with the eluents of heptane and isopropanol (i-PrOH), using a Daicel Chiralcel ODH column, OD or AD column. Conversions were determined by HPLC and corrected for differences in extinction coefficient as reported in the literature. [1] 2. Materials CB[n] was synthesized from glycoluril with formaldehyde by a basic procedures published by Day and Kim, further isolation and purification were carried out by our previously reported method. [2] Substrates 1a-d were prepared following published procedures. [3] All other chemicals were acquired from Acros or Sigma Aldrich and were used without further purification. For all experiments, ultrapure water (18.2 MΩ) purified by a MilliQ-Millipore system (Millipore, Germany) was used.
enantioselectivity (40% ee). Finally, a decrease in the catalyst loading from 3 to 0.5 mol% led to only a slight drop of the conversion and ee value (entry 9). Hence, we retain high enantioselectivity at extremely low catalyst loading, which is especially important in the case of CB [8] with its limited solubility in water. 
Kinetic and thermodynamic measurements
Scheme S1. Proposed catalytic cycle of D-A reaction.
All kinetic and thermodynamic measurements were performed as reported by Otto and Engberts. [3] A typical procedure of measuring k app is as follows: the samples contained 112 μM CB[8] , 84 μM amino acid, 56 μM Cu(NO 3 ) 2 , 22 μM azachalcone (1a), and 3.67 mM (2.5 mM in the case of CB [8]•e•Cu 2+ ) of cyclopentadiene (2) with a total volume of around 2.1 mL in 1mM PBS buffer at pH=7.4. The apparent second-order rate constant (k app ) was determined according to the following expression:
In which d[A 1a ]/dt is the slope of the absorption of 1a at a certain wavelength vs. time for the first 10% decrease of substrate conversion. d is the path length of the cuvette and ε 1a and ε 3a represent the extinction coefficients of 1a and 3a, respectively.
Determination of the molar extinction coefficients:
Since the maximum absorption wavelength of 1a was significantly influenced by the presence of CB[8], the molar extinction coefficient of 1a and 3a were determined at various wavelengths which were related to the different catalyst combinations. The absorbance of 1a and 3a at a certain wavelength was measured with the fixed concentration of 10, 20, 30, 40, and 50 μM. The molar extinction coefficient was estimated from the slope of the fitting curve. 
Determination of the equilibrium constants K eq :
At 25 o C, equilibrium constants were obtained by measuring the extinction coefficient of partially complexed dienophile (ε obs ) at a proper wavelength where the extinction coefficient of uncomplexed and complexed 1a show maximal differences. ε obs as a function of the concentration of copper ion can be derived as following: 
Determination of k cat :
The k cat values were calculated according to the following equation:
k 0 is the rate constant of D-A reaction in the absence of any catalyst.
[1a] f is the concentration of free 1a, [1a] t is the concentration of total amount of 1a; [Cu 2+ ] f is the concentration of free copper complex. Since 0 ≪ , the contribution of the uncatalyzed reaction can be neglected and this equation simplifies to:
Herein, the concentration of unbound copper complex can be calculated from the measured K eq . 
Eyring

Computational studies
The geometries of the catalytic complexes both with and without CB[8] were optimized using DFT B3LYP with Grimme D3 dispersion correction [4] and 6-31G* basis set.Additionally, a polarizable continuum solvent model (PCM) [5] was used throughout the calculations to represent the standard water dielectric medium.
Geometric isomers of azachalcone in complex with Cu 2+ and Trp
Optimized geometries for isomers of the complex tryptophan-Cu 2+ -azachalcone were calculated using DFT B3LYP/6-31G* level of theory with Grimme D3 dispersion corrections [4] and the PCM continuum solvent model as implemented in Gaussian09 [5] .
Additional calculations were also run with a single water molecule explicitly,to take into account possible solvent interactions with the copper ion. Subsequently, single point energies were determined with the aug-ccpVTZ-PP basis set at the same level of theory. The trans-cisoid conformation was found as the most stable isomer. Figure S4a .
Once the complex was inserted in CB [8] , in the presence of a single explicit water molecule, the energy was minimized again to assure that the copper is indeed coordinated to the water molecule and not to the macrocyle rim(see Figure S4b ).
Therefore, optimized geometries for the complex with and without CB[8] in presence of cyclopentadiene (Cp) approaching from different directions were alsocalculated as described above. Since the Cp approach was significantly hindered from the Trp-side attack and the geometry optimizations resulted in a non-reactive conformation, a cis -transoid 9.7 --distance constraint was added in all the calculations to obtain models closely related to the transition state. In all of the approaches studied, two constraints were set at 3.0 Å each between the two pairs of reacting carbon atoms. Oncewe obtained the optimized geometries, the constraints were released and the unconstrained optimum geometries calculated as well. Note that only the 6-31G* basis set was used in the calculations with CB[8] on account of the large number of atoms to analyze when the macrocycle is included. As a general trend, we observed similar but slightly lower energy differences between the various approach conformations when using the larger basis set (aug-ccpVTZ-PP), both in the calculations of the complex on its own and in presence of Cp (Tables S1 and S2 ). Therefore,it is reasonable to assume that the relative energies obtained for the complex with CB[8] would have only been lower if calculated with the larger basis set. The obtained relative energies (Table S2) suggested that the endo complex is slightly favored as compared to the exo complex.
The Trp-side approach was much less favorable both with and without CB[8], in addition, the complex seemed totwist and open slightly to allow the Cp to interact with the azachalcone (Figure 2b and S6) . Importantly, the energies obtained are in good agreement with the product ratios obtained experimentally. µM in water) into azachalcone 1a (5 μM in 10% ACN/water).
Synthesis
Standard procedure for Diels-Alder reactions employing cucurbituril nanoreactor:
An aqueous solution composed of 75µL of 1mM amino acid, 50μL of 1 mM Cu(NO 3 ) 2 and 50µL of PBS buffer(10mM, pH 7.4) was shaken for 30minutes.To this components a solution of CB[8] (666µL, 150µM in water) was added, and the mixture was shaken at room temperature for another 30 minutes. Then an aliquot of a stock solution of azachalcone in CH 3 CN (10 μL of 150 mM solution) was added and the mixture was cooled to 6 °C. The reaction was started by addition of the freshly distilled cyclopentadiene (4 μL, 48 μmol) and proceeded for 24 h at 6 °C, followed by extraction with diethyl ether (3×1 ml). After removal of the solvent, the ee of crude products were directly determined by HPLC on a chiral stationary phase.
Preparation of 2-Acetyl-3-methylpyridine
Under an argon atmosphere, n-BuLi (7.3 mL, 11.6mmol, 1.6 M inn-hexane) was added to a mixture of 2-bromo-3-methyl-pyridine (1.0 g, 5.8mmol) and anhydrous Et 2 O (30 mL) at -78 0 C. The reaction mixture was stirred for 30 minutes. Then, N,N-dimethylacetamide (2.0 mL, 23.2 mmol) was added, and the mixture was allowed to reach ambient temperature within 1 h. The reaction mixture was quenched by adding saturated NH 4 Cl, and was then extracted with Et 2 O three times.
The combined organic layers were washed with brine, dried, and concentrated. The
